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Under the supervision of Professor 
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ABSTRACT 
The European corn borers for this study were 
raised on artificial diet. The adult moths were 
placed in a cage for mating and their behavior was 
observed. The moths' day-night cycle was reversed 
so that work with cinematography could be done in a 
darkened room during the day_ Mating crosses were 
made between male and female adult moths from M1nne-
sota, NeH York, and Wisconsin st-rains. The moths' 
mating behavior is described and the crossing of 
geographical strains is documented. 
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INTRODUCTION 
1 
The European corn borer has been a problem in the 
United States since its introduc t i on sometime during the 
early part of the twentieth century. It is thought that 
1 t may have been imuorted from Hunge.ry or Italy in broom­
corn. This corn borer belongs to the fami ly Pyralidae 
and has an adult body length of les s than 1.5· centimeters . 
It has bec ome a major agricultural pest of large corn 
growing areas both in the United States and in Canada. 
Corn bo rer attack tends to result in poor ear development, 
broken s talks , and dropped ears whlch reduces yield and 
increases expense of harvesting. 
The purpose of this s tudy �ras to observe and document 
the mating behavior of the European corn borer, Ostrinia 
nubilalis. Work has been done in determining the sex 
pheromone, .proper diet, acoustic s1ansitivity, morphology, 
spermatogenesis, and neuroendocrin�e complex of the 
European corn borer but little l-Tork has been reported on 
the use of cinematography for filming the ma.ting behavlor 
of the moth. A major art icle used for reference with 
cinematography l'ias the work done by Sparks and Facto 
(1966). Observations of mating behav i o r of the European 
corn borer by Klun ( l961), Lou.ghner ( 1971), and Pesho 
2 
(1961) were most helpful in this study. 
The objects of this communication are, first, to 
better describe the mating behavior of t�e European corn 
borer moth through the use of cinematography a.nd, second, 
to determine if moths of different geographical strains 
will mate. It is hoped the former may reveal some 
hitherto unnoticed activity Which could suggest a method 
of interfering w1th reproductive success. The latter 
was a test of the hypothesis that reproductive isolation 
may have developed as a consequence of geographical 
distribution. 
II 
LITERATURE REVIEW 
J 
Many field study reports were made on the European 
corn borer in the early 1900's after its probable intro­
duction in .broomcorn ( Smith , 1920). Vinal and Caffrey 
reported the presence of the corn borer in Massachusetts 
in 1919 and suggested methods of control. During the 
years 1922-1923 Cra.wford and Spencer studied the European 
corn borer in Ontario. Investigations of the corn borer 
were reported by Caffrey and Worthley in 1927. Also 
during this year O'Kane and Lowry reported a study on 
the life history of the European corn borer in New Hamp­
shire from 1923-1926. 
In 1931, Bottger and Kent investigated this insect 
in Midhigan. Ficht (1936) reported on the corn borer in 
Indiana. The European corn borer was reported to be 
present on the Eas tern Shore of Virginia by Jone s , Walker, 
and And erson in 1939. Numerous articles on the European 
corn borer have appeared since. It has migrated west­
ward since the 1930's infesting areas that are large 
producers of corn. The problems with this insec t  pest 
have become so great that the Federal Government estab­
lished a laboratory in Ankeny, Iowa, to coordinate 
research for con trol of the European corn borer. Re-
search on this corn borer's behavior will aid in 
1ts control. 
Durin!g the early part of the twentieth century, 
reports of observations made on the senses of Lepi­
dopterans 'began to appear. Forbes (1923) wrote 
about the tympanum of certa in Lepidoptera and El­
tringham ( 1933) ·�'forked with the senses of insects. 
Detail of the ommatidia in light and dark adapted 
conditions was given by Day (1941) $ Sight may play 
an important role in the recognition of a s ex part­
ner in the European corn borer. The studies on 
insect senses served �ls a foundation for insect be­
havioral research. 
4 
An early worker on the behavior of insects, 
(Ri�hards, 1927), mentions that in s ome insects, feeding 
may play a particular role in inducing female receptive­
ness. The male cockroach secretes a liquid which in­
cites the female to climb on his back enabling him to 
mate with her. Dickens (193�) worked with the scent 
glands of certain ;Ph:;y:ci tidae. He wrot.e about dif-
fusion the gland secretio:1s and dispersal 
promoted by the ion of the • 
important since chemical attractants 
in mating behavtor0 
e. ma 
�rork is 
role 
Snodgrass (1935) considers the structure of the 
reproductive organs in h1s text. An overall review of 
insect reproduction and reproductive systems is given 
by Davey (1965). The terminology applied to the repro­
ductive systems in the European corn borer in this com­
munication is that used by Drecktrah and Brindley (1967). 
It was found by Sparks and Facto (1966) that the 
mating activity of the European corn borer moths occurs 
between the hours of 10 P.M. and 5 A.M., almost exclusive­
ly. The techniques used by Sparks and Facto were as fol­
lows: The moths to be photographed were kept isolated in 
2 oz. plastic cups and upon emergence held separately until 
9-10 P.M. The moths were chilled in a 40°F walk-in cooler 
before being transferred ·to the mating cage which was 
10xl2x4 inches. A Cine-Kodak camera we.s used wi. th Kodak 
16 mm High Speed Infrared using an aperature of f/2 and 
the exposure,duration was about l/10 second for each 
frame of exposed film. The camera was mechanized to take 
one picture every 12 seconds. Very little detail of 
mating performance of the corn borer could ·be established. 
They were able to obtain information on feeding behavior .. 
flight activity, mating habits, and 
existence of a sex attractant. This was 
ence found relating to photographic w1 
the 
only refer• 
the European 
6 
corn borer. 
Fatzinger and Asher (1971) described the mating 
behavior of P,ior�ctria abietella9 (Lepidoptera) with 
the nocturnal "calling" behavior of the females at the 
time of sex-pheromone release. This was observed under 
ligh·t-dark cycles of 12 hours light and 12 hours dark­
ness. Calling of the female began between 5-6 hours 
after dark and was maximum after 9 hours of darkness, 
ceasing just prior to the onset of the light phase. 
t�Iatings occu:rred only during periods of female calling. 
The female calling behavior is a dorsal bending of the 
abdomen so that it projects between the female's wings. 
When the resting males were confronted with the calling 
females, they became excited and began crawling about 
with the ir abdomens curved ventrally fluttering their 
wings in short bursts of ca. o. 25 seconds a:nd wavi.ng 
their antennae a·t a frequency of ca.. 4.5 beats/second. 
Upl'�ard curvature of the female's abdomen and extension 
of the ovipositor were maintained through-out most of 
pre-copulatory behavior. This upward curvature of the 
female's abdomen appeared to promote clasping by plac�ng 
genitalia in line with the male's c pers. The 
extension of the ovipositor also appeared to facilitate 
mating by exposing the ostium bursa through 1t'lhlch the 
1 
aedeagus of the male is inserted for copulation. 
The research done by Dustan ( 1964) with the Oriental 
Fruit Moth states that females ready to mate attracted 
the males and induced a mating response in them that was 
characterized by continuous vibration of the wings, a 
curving downward and forwards of the abdomen. and short, 
darting runs or flights. Several .attempts by one or more 
males were usually required before the aedeagus was in­
serted in the female. Once this occurred, the mated moths 
seldom moved until mating was finished. The male's 
attraction to the females ap�eared to end once the two 
were coupled. On a few occass1ons when near couples were 
attempting to mate, males became so excited that they 
looked their own genitalia firmly together and remained 
attached for several hours. A11 couplings of females and 
males were not successful. Most moths mated between mid­
afternoon and an hour after sunset. Multiple mati��s in 
the Oriental Fru1 t l1oth were recorded. 
Callahan (l958a ) describes the behavior of the corn\ 
earworm imago at emergence. He states that pupae became 
active and rotateo Abdominal movements are seen and the 
pupal case splits open along the dorsal 1 of 
the thorax with the imago finally itself • 
Copulat.ion l'las never observed on the first complete night 
8 
after emergence nor on emergence night. Iv!at1ng activity 
started on the second complete night after emergence. 
All copulations were observed to occur after 1 A.M. and 
last from 1 hour to 1 hour and 45 minutes. After copula­
tion. the moths flew to a corner moving their wings up 
and down two or three times. They than settled down in a 
resting position for the remainder of the night. 
In the Spruce Budworm I11Ioths, Outram ( 1971) states 
that the males mated only once within a 24 hour period. 
They were most responsive when 2 to 4 days old and least 
responsive immediately after emergence (less than 0.5 da.y 
old). The females mated most readily when less than 0.5 
day old and became progressively less attractive or less 
receptive with age. Mated females were not as attractive 
as unmated females., Mating was highest when 2 to 4 day 
old males were paired with females less than 0.5 day old. 
Pesho (1961) states that the presence or absence of 
a spermatophore is conclusive evidence of whether or not 
a mating occurred 1n the Europea.n corn borer " In 
some instances 
f i 
Da collec 
ons ge.ve a 
found more than one spermatophore in a 
multiple mat1ngs can and do occur. 
spe.rma tophore 
65% to 100% and 8% 
43% multiple matings$ 
9 
Drecktrah and Brindley (196?) point out in their work 
that multiple ma:tings occu.r between the male and female 
European corn borer moths. When a pair of moths is caged 
one day, one mating occurs. If the pair is caged two days, 
two matings occur. If the pair is caged three days, three 
matings occur. In one case one female mated four times. 
In a study done by Loughner (19?1) it is mentioned 
that female multiple matlngs were few did occur in 
the European corn borer. r�Iales will mate w1 th virgin 
males every day. Neither the male or female will mate 
more than once in a 24 hour per1od. The female for the 
most part plays a passive role in matir�. Loughner feels 
that as temperatures fall with reduced light, female 
releases a chemical attractant. She is s seen 
moving her wings actively perhaps dispersing the chemical 
attractant in the air. A pumping of her 
noted afte� the w1ng activity. Bio factors such as 
mating age, a.ge preference for a mate, and crol'rd1ng had no 
effect on mating behavior. 
Fatzinger and Asher (1971) obs multi 
with both and female D,_l;_;:,r;rctri� __ ...,. __ ....;.;...... ...... 
Loughner Brindley (1971) 
linear relationship tween temperature drop 
a 
0 .  0 frequency within a temperature range of 30 C to 2102 C. 
10 
At light intensities below 100 foot candles (ft.-c.), 
cycling temperatures affect mating more than does light. 
In a frequency distribution they showed that most mating 
occurred betlieen the fourth and sixth hour after sunset. 
The temperatures at which the highest frequency for mating 
0 occurred was 20.6 c. Moonlight did seem to have an ef-
feet on the mating of the adult moths. Only when the full 
moon went behind clouds did the moths in the experimental 
cag� mate. As soon as th� full moon appeared from behind 
the clouds attempts to initiate mating stopped. It was 
not known 1f·direct moonlight affected the male or female 
or inhibited both. It ws.s found t.hat a wind speed of 10.3 
mph during scotophase completely inhibited mating but a 3 
mph wind did not stop mating. 
It was stated by Daterman (1968) that the European 
pine shoot moth became active and moved when the light 
intensity was decreased to 10 ft.-c. Females became 
more active particularly below the 5 ft.-c. level. Stlm-
ulated males exhibited precopulatory movements which 
itlcluded rapid wing fluttering, anteriorly curved abdomens, 
and opening and closlng of the genital vae. The 
continued rapid fluttering and rapidly in a 
circular hlon in obvious attempts to locate the female. 
Once the female was located, there was no further court-
11 
sh1p activ:Lty and copulation occurred i��ediately. In 
this moth, it was confirmed that females mate only once 
if a normal spermatophore is received from the male .. 
Females once fertilized are never again attractive to a 
male. 
Klun and Brindley (1970) determined that the male 
European corn borer is stimulated by cis-11-tetradecenyl 
acetate ( cis-11-tda ) . This sex attractant has also been 
identified as the natural sex stimulant of the red-banded 
leaf roller, 4\;rg;x:ota.enf. .. � velutlnana (Walker). 
Klun (1968) found that the sex pheromone is a strong 
electron captor, ls nonsaponifiable, is soluble in polar 
organic so,lvents, and is highly stable at standard condi­
tions. He! found that the males responded to the pheromone 
'Qy taking part in a pre-copulatory ••dance" with wings 
extended up and vibrating, genitalia extended, followed 
by an opening and closing clasper response. The excited 
state lasted as long as 5 mi.nutes after the males had been 
exposed to the pheromone. The pheromone, kept in the 
laboratory at room conditions, kept its potency for more 
than 1 year. Once the male was stimulated, he 3d 
himself toward the source of the vapor. The responded 
bet when the laboratory temperature was maintained 
20·J0°C. The antennae of the male are involved in the sex 
12 
pheromone response and removal of the antennae resulted 
in the male's inability to respond to the pheromone. 
The ninth and tenth segments of the female contain the 
accessory gland and reservoir for the ac tive substance. 
Klun and Robinson (1971) found that the flight 
orientation of the European corn borer males to the lo- \ 
cation of the females or to cis-11-tda is inhibited by 
the presence of trans-11-tda and 11-tetradecyn� acetate 
(11-tdya). Thus, it was felt that such chemical inhib­
itors if released in the field would inhibit the mate-
seeking ability of the European corn borer male and re­
duce the population of the pest in .corn areas. They also 
found that altho·ugh trans-11-tda and 11-tdya did inhibit 
flight orientation of the male corn borer, it did not 
inhibit precopulatory behavior. 
Shorey (1964) mentions that the chemical released by 
Tr1chonhusia ·m female, plus moving air, stimulates and 
releases a complex sequence of male responses, one being 
�rousal of the male from re st ing . He also found that the 
antennae were the principle site for the determination of 
the ction of odor source. In research on the Oriental 
Fruit Moth, George (1965) ment pheromone 
caused the to ra.tse their antennae and whirl with 
fann wings. If the antennae were cut off, they did not 
13 
respond to the pheromone. If half of the antennae was 
present, then the mating reaction l'Ta.s nearly norma�. 
Traynier ( 1968) fottnd that if a male Mediterranean 
Flour Moth detected sufficient concentration of sex 
pheromone in moving air, they appeared to be stimulated 
by waving one antennae alternately, walking at random 
with l'l'a.v1ng antennae and wing vibration l�Thile walking 
aimlessly or upwind. In still air, the male approached 
the female from below suggest1n.g that a column of air 
beneath the female was charged with pheromone. He notes 
that the· females normally emitted attractant from the 
upper walls or roof of their containers. This position 
might ensure that an optimum volume of air conta.ins the 
attractant. 
In a study done with the Eastern Spruce Budworm, 
Sanders (1969) confirms the location of the sex pheromone 
gland betweeri the eighth and ninth segments of the moth. 
Receptive males respond to the pheromone by twirling 
around on the screen near the source of the attractant 
with the wings rats , frequently giving short bursts of 
rapid w1ngbeats. This is associated 
closing of the claspers and th 
which may be directed towards other 
1ng fema.le is inaccessible. 
th opening and 
copulation, 
i.f extrud.-
14 
Sparks, Brindley, and Penny (1966) looked for 
genetic differences in 3 biotypes. Crosses were made 
between moths from Minnesota, Iowat and Missouri indi­
cating that diapause was genetically controlled. From 
the data collected it 1s indicated that the inheri-
tance mechanism of this attribute is controlled by some­
thing other than a single pair of genes and is probably 
controlled by a multigenetic makeup which responds to 
temperature and photoperiod� Sensitivity to day-length 
could be a factor since Mutchmor (1959) mentions that 
there appears to be an excellent association between day­
length in the latter part of July and the change in the 
incidence of diapause. 
It tvas found by Chaudhury and B.a.un {1966) that germ 
cell maturation even went on 1n the pupal stage. Nearly 
50% of the cysts 1n the 7 day old pupae contained sperm 
and the testes of a 1 day old adult held primarily mature 
sperm. When the moth reaches adulthood, it already con­
tains its full complement of sperm. Loughner (1971) 
found that European corn borer m�lles l"fould successfully 
mate 1-6 hours, 24-JO hours, 48-54 hours emer-
of the tmago� 
The !"'allowing 11 tera. ture l-11 th some of the exter• 
nal fGtctors which influence the European corn borer 
15 
the field. Results by Hudon and LeRoux (1 961) indicated 
that for all samplings of immature stages of Ostr1n1a 
nuoilalis, differences between upper and lower halves of 
the stalks were with one exception consistently signif-
1cent9 1.e. density totals for all age intervals were 
consistently higher in the lower halves of the plants. 
It was found by Barlow (1963) that the number of Et�opean 
oorn borer females in the first flight, and rainfall dur­
ing the first flight, may be factors determining fluc­
tuations in the numbers of � nubila.lis in the 
environment. Kira, Guthrie, and Huggans (1969) found 
the availablli ty of drinlring water effect1 vely increased 
the ntlmber of eggs produced and the resultant hatching o:r 
the European corn borer eggs. In the laboratory they found 
that a wet cotton pad on the screen cage assured the t 
results for egg masses and hatchability. 
Moths have acous.tic organs and sound may play a role 
in mating. Agee {1969) exnerimented with sound vibration 
1n an attempt to determine whether the moths could be at­
tracted to a sound source. He found that the 
corn borer moths were particularly sensitive to 
25-ltHz pulses less sens1 es. At 
a pulse train of 25-kHz the beha'Vioral action l.Yas a ck 
fluttering of the wings. 
16 
Callahan (l965c) s tates that a. red 7-w bulb burning 
in the cage caused the eyes of the corn earworm moths to 
glow and rE�flect light at night but not during the day. 
He feels that the night-adapted eyes of the moths are 
ideally suited for detecting point sources of infrared 
radia.tion, such as might be radiated by another moth. The 
fact that moths fly and mate in complete darkness would 
suggest th�:t t this is true. They might see their mates as 
IR patterns against a darker background. 
Callahan also mentions many of h1s theories on insect 
communication. He has done much work with the corn earworm 
and has postulated that there must be more tha.n one signal 
involved i:n the complex pattern of moth behavior that leads 
to mating. Scent itself is an electromagnetic transmitter 
.and the moth antennae either detect. or couple to, the 
electromagnetic energy from the free floating scent mole­
cules. He teels that the antennae are "tuned" to the 
various infrared and microwave frequencies of both scent 
molecules and the total IR emission of mates, and perhaps 
of host plants, too. 
17 
II I 
ll!ETHODS AND MATERIALS 
The pr1ncipal. organism used in this research project 
was the adult European corn borer moth, Ostrinia nubilaliss 
The corn borers were reared in the laboratory. Adults 
in wire and cheesecloth mating chambers ovipos1ted eggs on 
wax paper. The eggs were collected and placed in the dark 
0 in incubators at JO c. The larvae upon ha.tchlng were 
tl--ansferred to 1 oz. clea.:r plastic cups containing suf-
f'ictent diet for the development of the larvae, The wheat 
germ diet used was described by Beck, et. al. (1968). The 
0 larvae were reared in an 1noubato� at JO c. Pupation oc-
curred usually between 12 and 17 days after the larvae 
hatched., The pupae were then collected separated after 
their sex had been determined. 
Once the moths had emerged from their pupal easest 
they were placed in cages for observation of their behav-
1or. Several different cages were used for observing the 
moths. One cage was made us1ng balsa wood as a frame 
covered with clear plastic. Another type of cage was made 
us t inch wire mesh covered with cheesecloth and/or 
clear plastic with glass petri di bot-
tom. Plastic bags were also tried using a wire to 
support the plastic. One oz$ plastic cups were us wi 
18 
only one pair of moths placed in each cup. 
By placing moistened cotton, paper, or cheesecloth 
in the bottom of the cages, a relative humidity of be­
tween 75 and 80% wa.s maintained. 
Preliminary observations were made between the hours 
of 10 P.N. and 5 .A.£1. on an hourly basis. Slide photo­
graphs were taken using fast black and white 35 mm film 1n 
a Miranda Sensorex Camera with a close-up lens attachment. 
A 7-w red bulb was used to illuminate the cage. This 
lighting had no effect upon the moth's behavior. It was 
from this type of lighting that the idea 6ame'to dis­
continue using the hot infrared il].uminat1on a11d instead 
use t-v;o 25-w red bulbs for filming the behavior of the 
moths. 
The photographic cage, � t:_, was used for the 
cinematography work. To keep the humidity high 1n the 
cage cheesecloth was moistened and placed over the back 
of the cage. During the research project temperatures or 
2J°C during the day a.nd about 18°C at night were lcep·t, 
exc when filming. 
The moth's 
lve days on the 
Guthrie, 
span in the laboratory was 
Dur:tng 
to 
adults 
(1969) found that water was most 
I 7 }f c rtl , -----� 
·�------ ltf � cm, ___ _.;w 
1-<----- --- /2: crn� -------�l·">.c--;-­
FRONT VI EW 
L 
Dimens i ons of the phtographi c 
FIGURE A 
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e s s enti al for the produc t ion o f  viable egg s by the 
Euro pean corn borer • .  
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The mo ths were i s o lated i n  1 oz . plas t i c  c ups and 
w ere expo s ed to s i mul taneous c y c l e s  of t empe rature and 
l ight. The i r  day -n ight cyc l e  was revers ed s o  that the 
mo ths wer e  i n  the dark and c i nematography work c ould be 
done during the day t ime ra ther than duri ng the 10 P . M . to 
5 A . M . hours �rhen the mo ths are found to mat e . The -pho to ­
p e r i od us ed was 111- hours o f  darkne s s ( 8  '"1\ . M  . ..  10 P . £1 . ) 
and ten hours of l i ght ( 10 P . M .  - 8 A . M. ) . A f t er the 
images had e�erked , t hey were k ept on thi s e ye until 
tak en t6 the c inematography lab for obs e rv i ng and pho to-
g raph i ng . 
Trans f e rring the mo ths from the plas c ups was 
· s i mpl i f i ed by plac ing the mo ths in a refr i g erator at 6°c 
5 t o  10 minutes to reduc e the ir me tabo l ic The 
mo ths c rawle d  from the cups into a hollow gla s s  tube 
plugg ed a t  one end wi th c o t ton � Onc e al l the mal es  were 
in one s tube the open end was plugged als o . The s ame 
proc edure was fo l low ed w i th the f emal e  mo ths � The mo ths 
l'fe r e  to t h e  c i nema t ography s t o  trans f erred 
the c age for f i lm i ng <���u-r�e �) . 
The l lo�"l i ng . pro c w a.s f o l lo·wed t ime a nel'r 
o.f mo w a s  t rans f e rred to t on in 
HOLLO W GLA SS TUBE WI TH C OTTON PLUGS 
PLUNGER 
!ViO THS CR.A \vL I NTO GLASS �ruBE FRON 
PLAS TI C 1 oz . CUP 
i10 THS N O W  READY TO TRAN S FER TO CAGE 
NOTHS I NJEC TED rN��eo c AGE 
PHOCED UHE F'OH NO THS ' TH.1\NS FER INTO r HE C AGE FO.H 
PHO 'l,OGRAP HI NG . 
FI GURE B 
21: 
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the c i nema t ography lab : a )  The c lamps "�te r e  loos ened 
and the c a g e  l-la. s tak e n  off o f  the table . b )  The mo ths 
pre s ent in the c ag e  wer e c a reful ly removed and k ep t  
f or obs e rva t i o n .  c ) The inter i or o f  the c a g e  was 
was hed wl th d i s t i l led wa t er and the front glas s clean­
ed . d) The p i e c e  of c he e s e c l o th c o vering t he back 
s c reen of the c age l'ta s  remo ved and ri ns ed throughly in 
d i s t i lled wa ter and put back over the s c re en .  e)  The 
cage was rec la.mped to t he tabl e . f )  The mo ths w ere 
c areful ly inj ec ted into the c age t hrough a ho le in the 
back s c re en . g )  A d j us tments were mad e wi th A rri f lex 
mov i e  c amera l e ns and prepara t i o ns mad e f or f i lming the 
mo ths . 
The t emp e ra ture i n  the c i nema t o graphy lab was kept 
a t  18°C . The two 2 5-w red bulbs ra i s ed the tempera ture 
0 i n  the c age to 23 c .  The pho t ograph i c  s e t - up i s  s hown 
i n  �igure f� o 
The fo l lowi ng i s  t he tec hni cal da ta r egarding t he 
c inema to grt:tphy . 
�5tH!. pmen t :  
1 6  r.:Jl mode l M ,  th 400 f ee t;  
m.m eu:x F . T ., s t op 2 • .5 th 2 
c e -up l ens es No * 1 No ��� 2 D i  
A rriflex c amera 
ackground 
__ ....,.._.__ .. 
The pho tographi c  s et -up 
FIGURE C 
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l ight s tand 
w1 th s hade 
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Lighting : 
� infrared c ineme�ogra�hl • 2 lamphous es were us ed 
each wi th 3 reflec tor-cone type 150-w bulbs wired in 
s eries and connec ted to llOv A . C .  line 
Large s i ze ( spec i al order f rom Kodak ) o f  Kodak Wratten 
f i lters No . 8 9B ,  l'¥1 th wavelength from ?0 0 to 950 mu . 
"T��re re plac ed 1n front of l t gh·t uni. ts • 
.r.egulaz: c :lnematogranhl - 2 red bulbs of 25 -w• s each 
were s e t  ( one on each s ide ) at a tano e  of approximately 
8 inc hes emi t t ing a to tal o f  about 30 foot-candl e s . 
Film ��: 
Two kl nds o f  f i lm s tock were us ed : 
K odak Hi gh-Speed Infrared F i lm - Approximate speed to 
tungs light 200 ASA . 
Kodak E . F .  Co lor Revers al Fi lm - type B th 125 ASA . 
Twenty-four ( 24 )  frames per s e cond - sho o t ing F . T . s top 
of around 2 . 8 .  
c o lor t pro c e s s ing was pus hed by o ne half 
2.5  
Three naturally o c c urring ge ographi c al s trains of 
the Euro p e an c o rn borer from M i nne s ota , New York � and 
Wi s c ons in ·were cros s e d .  �lales and female s  from each 
s train were c ros s ed wi th femal e s  and male s  o f  the o ther 
s train. 
Augus t 14 , 197 2 :New York f emales were c aged wi th 
M i nne s o ta :males , and when no ma t i ngs oc curred af ter 10 
hours , the mo ths were lef t in the s tud i o  overn i ght wi th 
the l ight s  on . The l i gh t s  were turned of f the next day 
and obs ervati ons repeated ., The female s  appeared to 
"call u and the male s  f lew about the cage but d i d  no t 
ex tend the i r  abdomens . 
In su·c c e eding c ros s es the mo ths were c o ndi t ioned fo r 
thr e e  days , revers ing n i ght and day before caging to­
ge ther was attempt ed . 
IV 
RESULTS 
Onc e the mo th began to emerge from the pupal c as e , 
it took 14-l? minute s  for the imago to expand and dry 
1 ts wings . fiSU:t,�. £ s hows the s tages o f  a heal thy f e ­
male mo th from emergenc e t o  ful ly dri ed wings ��> Cal lahan 
( 196 5 )  s ta t e s  that 1n the c orn e a rworm mo t h ,  i t  takes 17 
m inutes for the wi ngs to ex�and and dry . 
When a ma ting wa s suc cessful i t  took two minutes on 
the average f or the mal e  to " danc e � and mate w i th a re-
c e p t 1ve f em�l e . F i gure � s hows the ac tual mat lr� s e ­
quenc e !!)  The f o llowing are the usual behav ioral chara.c­
terisiics of a suc c es sful mat ing i n  the cage . 
a �  The male has much antennal movement , 
b .  The male ' s  wings extend upward and vibrate rap idly .  
c .  The male extends hi s abdomen .  
d .  The c las pers begin t o  s epara t e . 
e .  As the female adva.no es , the ma l e  follows ., Thi s may 
happen s everal t i mes . 
� f .  The heads of the male and female fac e  in the same 
d i rec t i on �  the male to the r ear . 
g .  The mal e  twi s ts abdomen forward to c ontac t f e -
male ' s gen1 tal 1 a .  
h .  The f ema l e ' s  abdomen ex tends s l i ghtly � 
1 �  The tr1 1es copul a t i. ng  again. 
mat i ng suc c e s s ful !!> 
2 MI NUTES A FTER EMERGENCE 
13 NINUTES 
15 11ll NUTES 
17 I'1INUTES 
FIGURE D 
27 
28 
;\ 
29 
k -.  When the g eni tal i a  a.re j ux tapo s ed ,  the f ema l e  re­
ma i ns qu i t e pas s ive .  
1. The male and f ema l e  then fac e in oppos i te d i re c t i ons . 
m .  The f ema le move s pul l i ng t h e  ma l e  around w i th her . 
n .  The ma l e appears t i red and move s very l i t t l e . Hi s 
ant enna l movements are reduc ed .  
o .  The length o f  copulati on las t s  anywhere f rom 5 
minutes to 2 hours . 
P •  S epara t i on o f  the mal e  and f emale appears to be v e ry 
s udden and wa s n.o t pre c e eded by any c hange i n  behavi or ��� 
q .  The s epa ra t ed pai r usual ly f l ew away from each o ther . 
Femal e usua l ly f lew to one c orner o f  the cage and th e 
male f l ew to s ome o ther par t o f  the c age . 
r .  The f emal e ' s  abdom-en m.a.de a pump i ng ac t i on and the 
mal e ' s c laspers r emai ned part i a l ly s pread for a t i me . 
In one c as e ,  thre e pai rs o f  mo ths were put in the 
obs erva t i on cag e . When one pa1r ma ted they were marked 
by p lac i ng a black do t on the i r  ri ght wings . Thi s  pa i r  
d i d  no t mate the next day . On the thi rd day , the same 
pa i r  mat ed aga.in even though they w e re s t i l l among o ther 
mal e  a nd female mo ths . 
G ently rann1 ng the c age caus ed the mal es to b e gin 
pre c opul a t o ry b e hav i o r  o f t e n  r e s ult ing in a suc c e s s ful 
ma t ing .  I t  wo uld fo l low that i n  t h e  f i e ld ,  a s l i gh t  
br e e ze would l ik e ly i nc r ea s e the 
I t  was f o und tha t d i ff erent s tra i ns o f'  
t h e  Euro pean c o rn borer f rom M i nnes o ta , ,. and 
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Wi s c ons i n  wi l l  mate when put to g e th e r .  (Ja.b]:_g I )  s hows 
the resul t s  o f  the cro s s es . S i nc e  all of t h e  cro s s e s  
made be tween M i nnes o ta ,  New York , a n d  Wi s co ns in were 
s uc c es s ful , the s ex a t trac t ant i s  no t an indivi dual 
i s o l at or but i s  func t i onal for the organi s ms us ed i n  this 
s tudy . Ho�rever , the fi rs t  attempt to cro s s  New York fe­
ma l es and Minnes o ta mal e s  did not res ult i n  obs erved 
ma t i ng s . A po s s ible explanat i on 1s d i s cus s ed la t er .  
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(V"\ 
MOTHS CROSSED DATES CRO.SSED 
MINl-i"E.SOT A MALES 
OCTOBER 26 
NE\Pl YORK FEMALES 
NNtl YORK MALES 
AUGUST 16 
MTI�NESetr A FEHALES 
NElrl YORK MALfS 
AUGUST 1 7  
WIS CONSIN FE}�LES 
NUMBER OF 
MOTHS 
5 
6 
� 
6 
6 .  
6 
MATING SUCCESS NUMBER Of' MATINGS 
yes 3 
yes 1 
yes 2 
- - - � �
�
-
�
� � - - - � �
�
� - �
� - � - -
� - - - � - - - -
�
- �
-
�
-
- �- - - - � � - - -
�
� - - � - - �
-
- � - - � - - �
�
� - - - --
� -- -
� �
- �
- �
- � - �
� �
� �
�
� -
lrHSCONS Til MALES 
AUGUST 18 
MINNESarA FWJALES 
6 
5 
yes 1 .  
- � - �
-
� - - - � -- -
�
-
�
- - - - � -
�
� - �- �- � - - -
- - � � - - - � - � � � - - � - - -- � � � � - - �
- -� � - � -- - �
- � - -
- � � � - - -
�
- - - -
-
�
�
-
-
- -- - �  
\<1ISCONS IN MALFS 
AUGUST 21 
NEW YORK FEMALES 
6 
6 
yes 1 
- �
� � �
- - -
�
- � - - �
�
� - - - - - - � - - - � - - - - -
- � - �- � � � � � - - - - - -
-
- - � - - - � - -
� �
- - � �
� - - �
� -
- - -
�
- - -
�
-
� �
- - � �
-
-
-
- � -
� � �
� 
l1INNESar A MALE3 
AUGUST 22 
�JISCONS If� FEMALES 
5 
6 
yes 1 
�
� - - - �
�
� - - - - � - � - � � �� - -� -
- - � � - � - - � -� - � -� - � � -- - - -� - - - - � � - - - - � - �
� - �
�
� - - � -
-
�
�
�
� �
� � -
�
�
�
- -
�
- -
-
- - � �
�
� �  
TABLE I 
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v 
DIS CUSSI ON 
To s tudy the European c o rn bo rer mo ths ' ma t i ng 
behavior pre l iminary obs erva t i ons had t o  be made duri ng  
the night and early morn i ngs 1 norder t o  c a tc h  the i r  pre­
c opula. tory behav i or , the ac tua l  mat i ng , a.nd the pos t­
copula t ory behav i or .  The us e of c i nema tography pro-
vided a c lo s er and mo re ac curate pic ture of the mo ths ' 
behavioral c harac teri s t i cs . 
By revers ing the moths ' day-night s c hedule i t  was 
po s s i ble to perf orm the c i nema tography work during the 
day in a de.rk ·ened s tud i o tl  One o f  the ob j ectives o f  thi s 
re s earc h was to s e e  i f  cros s es c ould be made be tween 
Minne s o t a , New York , and Wi s c ons in European c o rn borer 
moths . 
The f i rs t a t t empt to us e infrared f i l m  as rec om­
mended by S park s  and Fac to ( 196 6 )  was not suc c es s ful . 
It was found tha:t t o o  muc h heat was given off by the s i x  
150 -w c o ne re flec tor lamps needed wi th the i nfrared f l l• 
ters {fj 0 The tempera ture i ns i de the cage ros e to Lt-7 C and 
the mo ths d i  
Two 25 -w r e d  bulbs were us ed 
c age � Thi s l i ghting proved to be mo s t  
fo ot-cand l e s  o f  l i ght � C o lor fi lm 
to i. lluminate the 
and gave 
then be us ed 
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whi c h  s i mpli f i ed pho tograph ing and proc es s i ng and re­
duc ed the c o s t of d evelop ing co lor f i lm c ompa r e d  to 
infrared f i lm .  The co lor f i lm gavE� much b e t te r  d e f i ·  
ni t ion than t h e  I R  s ens i t ive f ilm � 
A sui tabl e cage had t o  b e  cons tru c t ed for the c in e ­
ma tography work . The cag e  ha.d to be large enough to 
allow the mo ths ro om to move but s mall enough to pho to­
graph the ent i re ins ide of the cage on w i de angle s ho ts . 
The c age also had to be bu i l t s o  the mo ths would b e  s een 
at all t imes whe rever they might be lo cated ins ide the 
cage . The cage wa s fas tened to a board and the board 
c lampe d  to a table s o  that the cagE� would no t a c c i dental­
ly be moved out of focus duri ng f i lm i ng . 
The mal e  mo ths are able to r e c ognize the f emale by 
a s ex pheromone , c i s - 1 1- tda ( K lun and Brindley , 1 9 70 , 
K lun and Robins on , 1 9 71 ) , wh i c h  she releas es from the 
ninth and t enth s egments o f  her a.bdlomen ( Drecl-rtrah and 
Brindley , 196 ? ) . The male mo ths are able to pos i t ion 
thems e lves to the s i de of the female where they appear 
to s t rok e her wing and abdomen with the i r  front l egs 
and an t e nnae . The mal e  mo ths TJ1ere o f t en confused and 
tr i ed to c o pula t e  wi th o ther mal e s  to of ac 
ly plac i ng the i r  c las pers a round abdomina l  t ip o f  
o ther males . Dus tan ( 1964 ) men t i ons that on c e r ta in oc -
c a.s i ons the mal e  Ori ental Fru i t Mo ths b e c ame s o  exc i ted 
that they locked t h e i r  own g eni tal i a  f i rmly toge ther . 
I n  one c as e ,  thi s wri ter no t ed a male try ing to mate 
wi th a f emale already in c o pula t i o n .  This male s tood on 
top of the mal e  in c opula t i on and a t t emp ted to ma t e w i t h  
t h e  f ema l e . The a t t empt a t  mat i ng wi th a male only came 
af t er a f emal e re l e as ed the pheromone 1n the c age . The 
pheromone s t imula t ed the mal es to the po int that they 
would o f t en m i s tak e  a. mal e for a female and a t temp t cop­
ula t i o n . Trayn1 e r ( 1968 ) p o i nt s  o u t  that the Med i ter­
ranean Flour ?1o th mad e c opula tory movements towards ob­
j e cts res embling s c enting f emal es or s ourc es of the s ex 
pheromone placed on ob j ec t s . Trayni er• s s ourc e o f  the 
pheromone was the gl"ound up abdomens of f emale mo ths . 
S inc e male mo ths made c opulatory movements toward ob­
j e c ts res embl ing s c ent i ng f emal e s  the i r  s ight may be the 
bas is for f i nal rec o gni t i on of a mat i ng partner . The s ex 
pheromone i s  def ini t e ly i mpor tant in the male ' s  ori enta­
t i on t o the fema l e . Callahan ( 1965b)  has ment i oned the\ 
pos s i b i l i ty o f  i nfrared s ens ing as a means o f  loca ting 
the oppos i t e s ex for re sul ta�t mat i ng .  I n  a f ew i n-
s tanc es mat i ngs o c curred i n  the l i ght 
peri od . I f  the pheromone was no t pres and infrared 
s ens i ng no t a means of or i en t a t i on s i ght 
3.5 
plays a ro l e  in mat ing , e s pe c ially at clo s e  range . 
The antennae o f  the mal e  moved alterna t e ly and 
rap i dly when the pheromone was p re s en t .  The ant ennae 
play a role i n  the male • s  o ri entat i on to the female . 
K lun found tha t removal o f  the male ' s an t ennae re­
sul ted i n  i nab i l i ty to respond to the pheromone (Klun , 
1968 ) . G e o rge ( 1965) s ta te s  that i f  the antennae of 
the Ori ental Frui t Mo t h  were cut oft , the mo ths d i d  not 
re s pond to the ph eromone . 
S i ght did no t s e em to play much o f  a part in the 
de t ec t i on o f  the female mo t hs by the mal e s  but , as men­
t i oned , 1 t  may be a las t r e s o r t  type o f  detec t i on .  When 
the red l i gh t was on , the mo t h ' s eyes o f ten appeared to 
glow .  C allahan ( 1965c ) s ta t e s  that p e rhaps the night- \ 
adap ted e yes o f  mo ths are p erfec tly sui ted for p i ck i ng  up 
s ourc es of inf ra red rad i at i on s uch as that wh i ch might be 
radia ted b� ano ther mo th . He also men ti oned the glowing 
effe c t  the eyes had a t  ni gh t  but d i d no t s e em t o  have 
during the day . There ls a d e fini t e  p i gment mi g ra t i on 
from day l i ght to darknes s and vic e versa . Day ( 1941)  
g ives d e ta i l  o f  an omma t i d i um  in l igh t 
c ondi t i ons { Fi gure l) • 
dark adapted 
The s ex pheromone appeared to func t i on as a clo s e-
range s e x s t imulant and the m.al e.s wer\e exc i s 
)6 
DARK .ADAPTED LIGHT .AD.APTED 
SEC TION THROUGH THE EYE 
'�----------C ORNEAL LENS ----------�� 
��� ���� 
PRI MA RY PIGMENT CELL 
SECONDARY P I G!1EN T CELL ----
lf!l----- NUCLEI OF RETI NULA CELL ---
CYTOPLASMI C  FILA MENT ----------� 
l------- RETINULA CELL ------..1. 
�----------�-- RHABDOM----------------� 
1·�------ BA SAL C ELL -------
.. � 
-""""""'"- ----- BASEHENT MEMBRANE · -----
ERVE FIBRE 
S ec t ion through the eye of Ephes t l a  and de tail o f  
a n  omma t i dilli� i n  l i gh t  and dark adap t ed c ondi t i ons .  
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to ori ent thems elves to�rard the vapor s ourc e ( K lun ,  
1968 ) . The f emales us ually rel ea s ed the pheromone when 
they were s i tuated near the top of the c age and the mal es 
followed her i f  s he c ontinued to move around tn the cage . 
The volume of a i r  benea th the female ' s  abdomen mus t c on-
ta1n th�  c onc entra ted pheromone helping the ma le ' s ori en-
tat i on ,  s inc e the mal es approac hed the ' f emales from the 
rear . Trayn1er ( 1968 ) found thi s to be true w1 th the 
Medi te rranean Flour Moth . 
When the f emal e  was releas ing the pheromone , the t i p  
o f  her abdomen was expo sed and o f t en a pumping ac t ion was 
obs erved . The abdominal mo t i on of t en involved s ide to 
s ide mo t i on as the s ex pheromone was b e i ng reles. s ed .  Thi s 
pump i ng ac t i on �1e s  no t ed by Loughner ( 1971) . Usually , a 
s hort t i me af ter t h i s , the mal e s  would c ome exc i ted 
opening the i r  c la s p ers and wo uld a t t empt to c o pulate wi th 
o ther f emal es who were no t rec eptive .  I f  the female was not 
rec ept i v e , the tip of her abdomen would no t be expo s ed o r  if 
it was expo s ed would no t be at the proper angle s o  that 
ma le c ould c opul a t e  wi th her . The fema l e  would move away 
from the ma le 
s tanc e s , the 
t i me he tri ed to ma te . I n  s 
would b e  almo s t  
in-
abdomen 
would pull away from the t when i t  looked 
as if  c o pula t i on had tak en place . 
rec e p t i ve , her abdomen was a rc hed s li ghtly upward lining 
up wi th the dors o - la t eral s w i ng o f  the male ' s c l as pers . 
The females pre -ma t i ng  behavi or remai ned qu i t e pas s ive 
wh i l e  the male l!ras mo s t  ac t i ve . A f t e r  l o c ating the :f e ­
male , the mal e  would appear to s trok e h e r  wing and her 
abdomen wi t h  his front legs and ant ennae , and i f  s he 
moved , he followed h e r .  Th i s  s trok i ng ac t ion caus ed her 
to arc h the t i p  of her abdomen in a sl i ghtly upward pos i ­
t i on .  T h i s  helped her l i ne up wi th the ma l e ' s c laspers , 
as men't l oned by Fat z i ng er and A s her in the i r  19 7 1  s tudy 
of }2_i.oryc tri a  �1ete1,l_a . 
The male ' s  c ourt s h i p  beg ins wi th the wings extended 
upwards and vibra t i ng rapidly , the geni ta l i a  ext end ed , 
and f inal ly the open i ng of t he c la s pers $ The male fo l­
lowed the f emal e  if s he moved up the s id e  of the cage . 
He wo uld s i tua t e  h i ms e l f  to t he lower r i ght or l e f t s i de 
of the femal e ' s w ing and sw ing hi s abdomen wi th c las pers 
opened upward in an a t t empt to c o pula te . The mal e  did a 
"danc e "  pr l or to c opul a t i o n .  H e  walk ed 1 n  a c i rcular 
fas hi on around the c a ge as h i s  wings vibrated rap i dly 
h i s  c las pers op ened . The male ant ennae moved rapidly 
as he walk ed around the cage . Klun (1968 ) s tates that 
hi s exc i t ed s t age las t e d  for s e ve ral minu t e s  bef ore 
the would t .  Thi s  wr i t er obs erved ma l e ' s  
exc i t ed s ta te to las t b e t ter than t h i rty minutes in 
s ome ins tanc es . 
J9 
C o pula t i on only to ok plac e when the femal es were 
ready . I n  one c as e ,  thr e e  male s a t t empted to mate wi th 
one fema l e  who was mo s t  unw i l l i ng to c o operat e .  Each 
mal e at one t i me or ano th e r  had h i s  clas p ers around the 
t ip of the femal e ' s abdomen , but eac h t ime the female 
pul l e d  attza.y from the me.le . There w e re many at temp ts a t  
c o pulat i on o n  the part o f  the mal e s  but f ew suc c es s ful 
copulat i ons s inc e the f ema l e s  were no t al\-rays rec ep t i ve . 
On a f ew o c c as i o ns it was obs tha t the male 
had di ed wh i l e  s t i ll at tac hed to the femal e and she was 
dragg ing hi s body around the cage w i th her . The exc 1-
t a t lon that the mal e exp e r i enc e s  may be trauma t i c  and may 
res ult in death. It may b e  assumed that mul t i p l e ma t i ng 
will  s ho r t en the l i f e  expec tancy o f  'the male . Onc e  the 
pair are in c o pul a t i on they c an be pl. cked up and s hak en 
wi thout caus i ng s epara t i on .  
On s ome o c cas i ons a i r  currents were s e t  up i n  the 
cage by fann i ng and thi s caus ed the males to ex-
c 1  and s ta�t the i r  charac t er i s t i c pre c o pulatory be-
havi or whi c h  re s u l t e d  i n  suc c es • 
fann i ng ac t ion tributed the f emal e ' s  pheromone around 
the c ma.k 1 ng i t  pos s i b l e  fol"" the to t e e t  
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pres enc e of the s c ent . From th i s  rea c t i o n i t  c an be 
po s tul�t ed that ai r currents a re neces s ary for ori en-
ta t ion and a s l i gh t  bre e z e  in the f i e ld w i l l  i nc re a s e 
the number <':lf mat 1ngs • 
Pene t ra t i on o f  the aedeagus was impos s ible t o  ob -
s erve . One c ould c l e arly s ee the c la s p ers gr i pp ing 
the abdomen o f  the f emale but i t  was d i f f i cult t o  s e e 
penetrat ion of t h e  aedeagus . Callahan ( 19.58b) has some \ I 
exc e l le nt s �� r l al s e ct i ons o f  the c orn ea.rworm , He l i o th i s  
� ( Bodd i e ;l 9 s howi ng the pos i t i on o f  the a e d e a gus in 
t h e  female . Th e fo l lowing de s c r i pt i on o f the aedeagus 
i s  t ak en frc'm t h e  wo rk done by Drecktrah and Brindley 
( 1967 ) . �The aed eagus i s  a cut i c u l ar , tubular s truc ­
ture approxjL ma t e ly 1 . 0  mm l ong and O . J -0 . 4  mm w i de sur -
round i ng thE� endopha l lus . S evera l  g roups o f  mus c l es 
are i ns e r t ed on i ts outer s urfa c e . I t  i s  s uppo r t ed by 
a d i aphragm , the ane l lus , wh i ch c lo s e s  the po s t e r i or 
end o f  the abdomen . I t  po s s e s s es a s ma l l , po s teri orly 
di rec ted s clerite ventrad t o  the s e c ondary gono pore at 
the tip o f  the a ed eagus . Two l i gh tly s c l ero zed arms 
extend from t h e  s c l er i te al ong the l a teral a s pe c ts o f  
aed e agus and app ear to fus e a t  t h e  anteroventral margi n  
o f  the a e d e agus $ u .E�:5ur.� Q. and �igure 11 s how the mal e ' s  
r e produc t o rgans . When the ma l e  and f a re i n  
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c opul a t i on ,  the male trans fers s perm. by way of the 
a edeagus . The a edeagus p enetra t e s  l� S far a s  the burs a 
c opula trix of the f emal e  where a s p erma tophore is de -
p o s i t ed . 
S ince the d i s c overy o f  c hem ical s ex a ttrac tants 
there i s  s ome evidenc e t o  s uppo rt the hyp o thes i s  that the 
Europ ean c orn borer mo th could be ai� trac ted and/or i n­
hib i t ed by pe rhaps d i ff erent sex pheromone released by 
geograph i c ally d i s s im i lar f emal e s . I f  this 1 s  the cas e  
than the re c ould be b i olo gi c al i s ola t ing mec hani sms at 
�rork k e ep i ng di ff erent geographi c e.l s trains from c ross­
ing .  I n  a s tudy done by K lun and Robins on ( 1971 ) i t  was 
found that c i s - l l  .... tda was a s ex a ttrac tant releas ed by 
the f ema l e  to exc i te t he ma l e  into precopulatory b�e -
hav i or but that trans - 1 1-tda and ll··tdya inhibi ted the 
f l i ght or i entat ion o f  the European c o rn borer mal e . I t  
has been f ound that c i s -11- tda i s  als o a s ex attrac tant 
for the redbanded l e a f  ro ller ( Roelalfs and A rn ,  1968 ) . 
redbande d  leaf ro ller and the European corn borer mo th 
the s ame chemi ca,l s ex a t t ra c tant but do no t mate . 
In a s tudy done by , S horey , and 
�1e. s found tha t  
....,._-....,_�...........,,- 9Eiforntca t a. lfalfa 
trac ted to c is -? -dodec enyl ac e tate . 
{ 197 3 ) , i t  
, a. :r e  both a. t ­
demons trated 
l 
The I 
44 
that the f ema l e s  rel eas e the pheromo ne a t  d i ff erent 
ra tes whi c h  i s  the probable me c han i sm of r eprodu c t ive 
i s o la t i on b e tw een the two s pe c i e s . The alfalfa l o op ers 
w ere c aught in traps where the s ex pheromone was r e l eas e d  
i n  low evapora t i on ra tes e The c abbag e  lo opers were 
c a.ught i n  traps where the s ex pheromone was re l eas ed in 
higher evap orat i on ra t es . Could t h i s s ame type o f  mec h­
anism k e ep the redbanded l e a f  ro l l er from ma ti ng wi th the 
corn borer? Perhaps s l ight d i f ferenc e s  i n  the i r  repro­
duc t ive organs do no t a ll ow for c opula t 'l on? I t  may als o 
be pos s ible that s yne rg i s m  p lays a role in k ee p i ng the 
mo ths f rom c ros sbre e d ing . There may be two or more c om­
pounds whi c h  are v i tal to the mo th ' s attrac t i on to the 
s ex ph e romone even though the s e  c ompounds mi ght ex i s t  in 
only minut e quant i t i e s . Res earc h c ould be done to work 
on th i s  typ�e of probl em us i ng c i nema tography to r e c ord 
the behavi o:ral a c t i ons . By u t i l i z ing chemi cal tech­
ni ques re lated c ompounds to the s ex pheromones c ould be 
s ynthes i zed and tes ted for ma le exc i tat ion. Peacock , 
Linc o ln ,  S imeone , and S i lvers t e in ( 19 7 1 )  in the ir s tudy 
wi th S c o lxJ;:� mul t1s t r1 a tus , c onc lud ed 
two a t t ra c tJ3.n ts wh i c h the elm bark 
are 
to ��� 
'rhe be e tl e s  are a ttra c t o  a �'<leak tan·t from 
c ay ing e lm t i s sue . A s  the b e e t l e s  bore i nt o  the ho s t  
45 
the re i s  inc reased vo la t i li za t i o n  of the hos t  at trac tant . 
The virgin f ema l e s  f i rs t  attrac ted by the hos t  a t t rac tant 
produc e a pheromone . The c omb ina t i on of the two a ttrac ­
tants i s  res pons i ble f or the ga thering o f  many ma le and 
female beetles . Klun and Rob i ns on ( 19 7 1 )  als o f ound that 
although tra.ns -11-tda and 11- tdya inhibi t ed f l i ght ori en­
ta t i on i n  the European c orn borer i t  d i d  no t i nhibit pre ­
c opula tory 'behav i o r and ma t i ng o f  the male . 
In the cro s s ing of M inne s o ta ,  N ew York , and W i s c ons i n  
s tra i ns , suc c e s s ful ma t 1 ngs ind i c a t e  tha t a c hem i c al i s o ­
lator t o mat;ing has no t  evol,led . The fai lure of the f i rs t  
c ro s s ing o f  Ne·w York f emales wi th M inne s o ta male s  c an be 
expla ined o n  pho tope r i o d i c  respons e .  Ano ther explanat i on 
might b e  tha t s inc e the mo ths were lef t t o ge ther overni ght 
in the l ighted room ma t i ngs o c c urred duri ng thi s t ime and 
the next day no ma t 1ngs would occur .  
Wis const in femal e s  and Minnes ota mal e s  were p laced i n  
the c age Augus t 22 . A s i ngle ma t i ng occurred thi s day .  
One ma le hadl hi s l e f t  front leg mi s s ing and h e  tri ed t o  
mate s everal t i mes 
i ly a t t ache d  to her . 
top o f  the c� age 
th a f emale . Twi c e  
Onc e h e  f el l  o ff 
onc e he was kno ck 
w a s  tempo:ra.r­
near th :: 
o f f  by ano ther 
male f ly i ng  aro und the c a ge . The lack o f  a front leg not 
only reduc hi s abi li ty to a c hi eve good f o o t ing but als o  
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p r e s ented a problem when he was try ing to o r i ent hims elf 
t o  the fema l e  during the ma ting ac t .  Many t i mes the 
mal e s  tri ed to c opula t e  wi th the f emal e s  but the f emales 
w e re no t rec ep t ive and walk ed away from t h e  males , o r  
they did not pres ent thems elves to the mal e s . 
Duri ng the c ours e o f  t h i s  res earch the fo llowing 
ideas f or fut ure s tudy c ame to mind ; Why do the moths ! I 
wave the i r  an tennae s o  much ?  Does the al terna te move-
ment of the an tennae help the male ' s  ori ent a t i on to the 
f emal e ?  If one o f  the ma le ' s antennae we r e  ou·t off , 
would thi s have an e ffect on the ma le and i f  s o , what 
type of be hav i o ral ac t i on wou ld t he male e xhibi t ?  I f  
the f ema l e ' s  antennae were cut off , would this c �us e a 
d i f f erenc e i n  her behav i o ral c harac teri s t i cs ? 
A f ter a s uc c es s ful c opul a t i on i t  was obs �rved that 
no o ther males bo the red the mating c oupl e  except for the 
one ca.s e already s ta t ed .  This wri ter t>Tonders i f  the 
male mi ght give off a pheromone wh i ch inhib i ts o ther 
males from a t temp t ing to copulate . Up to now the feel ing 
has be en that t h e  f emale s e ems to be the only one that 
con t;rols the male ' s mat i ng behavi or . Perhaps we s hould 
turn to the mal e to s e e i f  there is a ma le pheromone re -
l e as ed during c o pulat i on .  I f  th i s  c ould b e  determined 
then p e rhpa s there c o u ld be ano the r means of c o ntro l o f  
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t h i s  ins ec t  pe s t  in c o rn growing areas . 
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From the prec eding res ul t s  and d i s c us s i on ,  i t  c an 
be c onc luded tha t documen tat i on of the -p r e c o pula t o ry b e ­
hav i o r ,  the ac tual mat i ng behavi o r , and pos tc opula tory 
be hav i or of the European c o rn borer has b e en recorded 
on f i lm through the us e of c inematography . 
D i f f erent ge ographi c al s trains o f  adul t European 
corn bo rer mo ths when c ro s s ed wi l l  ma te , thus proving 
tha t  the s ex at trac tant i.s func t i onal for the organi s ms 
us ed i n  th i s  s tudy ( Minne s o ta ,  New York , and W1sc ons 1n 
corn borers ) .  
From the t e c hni que s and inf orma t i on obtai ned in thi s 
re s e arch pro j e c t , i t  would s eem evident that further i n­
ve s t i gat i ons can be c onduc t ed us ing c i nema togra-ph;; a.s an 
exc e ll ent tool to a i d  in the s tudy of the European c orn 
bore r .  
Thi s  au thor f eel s that the work acc omplished i n  
thi s res earch i s  important f o r  t h e  follo wi ng  reas ons : 
The ma. t1ng behav i or o f  the Euro p ean c orn borer �ras l'lell 
es tabl i s hed and was permanant ly rec orded on f i lm � Thi s  
had not be en c omple t ed b·e :fore a s  f a.r as 11 
revi ew s hows e Tec hni ques f or f i lm i ng the mo were 
d eve l o p e d  s o  that fu ture res e arch wo rk 1 1  a founda-
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t i on to bui ld upon .. The f a c t  that M inne s o ta ,  New York , 
and W i s c ons t n mal e  a.nd f emale mo ths w i l l  s uc c e s s fully 
mate when c ro s s ed was doc umented . Thi s wri t er found no 
r e ports dealing wi th the c ros s i ng of geographi cal s trains 
of the Europe an c orn borer .  A l l  of the c ro s s e s me.de were 
rec orded on f 1 lm for further inves t i ga t i on and future 
work . Thi s  re s e arc h l e ave s many u.nexplored avenues open 
t o  be worked. on and d ev eloped . 
If this wri ter were to c ont i nue s tudy ing the behavior 
of the European corn bo rer the que s t i ons pos ed i n  the d i s ­
cus s i on of t h i s  paper would f i rs t be inve s t i gated us ing 
c inematography to rec ord the behav i o ral c harac teri s t i c s  
o f  the mo th's . 
VI I 
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The mati ng behavi or of the adult European c orn 
borer mo ths was obs e rved and re c ord ed on f i lm through 
the us e of c i nema tography . Thi s  documenta t i on i nc ludes 
precopula tory behav i or , ac tual mating , and po s tc opula­
tory behav i or .  Many ques t i ons o n  t he b ehav i or o f  thes e 
mo ths were answered but the res earch l e d  t o  many new 
ques t i ons wh i c h c ould be purs ued . 
Documenta t i on wa s mad e o f  the cro s s ing of g eogra.ph-
1 cal s trains of M i nnes o ta , New York t and Wi s c ons in male 
and f emal e  adul t Euro pean c orn borer mo ths . Their be­
havi or was re c o rded on f i lm and it wa s es tabl i s hed tha t 
d i f f erent g e ographical s tra ins wil l  mate . 
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